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COMPARISON OF NORMAL LOAD FACTORS EXPERIENCED WITH 
JET FIGHTER AIRPLANES DURING COMBAT OPERATIONS 
WITH THOSE OF FLIGHT TESTS CONDUCTED BY THE 
NACA DURING CPERATIONAL TRAINING 
By Harold A. Hamer, Carl R. Hass, and John P. Mayer 


SUMMARY 


A conparlson of normal load factors measured during comhat opera- 
tions with those measured during an NACA flight program conducted with 
fully instrumented service airplanes in operational training is presented. 
Results are shown in the form of plots of measured normal load factors 
against indicated airspeed, prohahillty of occiirrence, and average flight 
time required for exceeding a given positive or negative load factor. 

The results indicate that, for an equal number of maneuvers, normal 
load factors obtained from the limited NACA flight program as well as 
those obtained during other training operatlosas are somewhat greater 
than those obtained d\iring combat when based on the service- limit load 
factor. When the data are compared on a tlme-to-exceed basis, it is 
indicated that the average flight time required to exceed a given load 
factor for the NACA flight program is less than that for normal opera- 
tional training or combat data. For normal operational training and 
combat, the differences in the tlme-to-exceed values are small. This 
result is different from the results obtained for airplanes during 
World War H where it was determined that, for the same flight time, 
training operations resulted in larger normal load factors than combat 
operations . 


INTRODUCTION 


The National Advisory Committee for Aeronautics with the coopera- 
tion of the Air Force and Bureau of Aeronautics, Department of the Navy, 
has been conducting a flight program with several Jet-propelled fighter- 
type airplanes in order to obtain information on the airplane response 
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and the actual amounts and rates of control motion xised hy service pilots 

in performing their regular operational training missions. The airplanes 

were instrumented by the NACA and were flown by regular service pilots. % 

Preliminaiy data for each of the airplanes tested in this program: the 

North American F-86 a, McDonnell P2H-^2, Republic F-84G, and Lockheed F-9^B 

airplanes have been presented in references 1 to 5* In addition, a 

summary of references 1 to 5 and a brief statistical analysis of these 

data are given in reference 6. Since Information of this type may be 

viseful for the determination of more realistic design load criteria, 

questions have arisen as to whether the data recorded in these limited 

tests are representative of the values which are experienced in combat 

operations . 

This paper, which is considered supplementary to reference 6, pre- 
sents a comparison between the available normal- load-factor data which 
have been obtained on F-86, F-81|-, and F-9^ airplanes in combat operations 
(refs. 7 "to 9) aJid the normal- load- factor data obtained during the 
shorter NACA flight program conducted with service airplanes in opera- 
tional training. Other training data (refs. 10 to 12) which Involve 
many more hours of flight time are also included in this paper. Air- 
plane normal load factor is the only quantity compared because it is 
the only quantity other than airspeed and altitude which was measured 
in combat operations. Althoiigh only normal- load- factor data have been 
compared, it is possible that similar comparisons may be expected for 
the other quantities defining the control motions and airplane response 
given in reference 6. •• 


SYMBOLS 


N 

iV 

p 

T 

t 


Vi 


total number of load-factor pealss 

average value of normal load factor frequency distribution 

measured normal load factor 

service- limit positive normal load factor 

probability 

total number of hours represented by data 

average flight time required to exceed a given normal load 
factor^ hr 

indicated airspeed^ knots 
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coeff ici ent of skewness of frequency distribution, 
1 

^ W 

coeff icie nt of kurtosis of frequency distribution^ 
1 

^ N 


cr 


standard deviation of frequency distribution. 


2Ik “ "v) 

N 



SCOPE OF DATA 


This paper includes comparisons of tvo sets of normal- load- factor 
data for comDbat and tvo sets of normal- load- factor data for training. 

One set of training data was obtained by the NACA on fully instriomented 
North American F- 86 a, Republic F-84G, Lockheed F-9^B, and McDonnel F2H-2 
airplanes during regular squsuiron operational training. Data were 
recorded, however, only during those flights in which the primary mission 
was acrobatics, ground gunnery, aerial gunnery, or dive bombing. (See 
refs. 1 to 5 .) ,The normal load factors presented for these airplanes 
were measured with standard NACA air-damped recording accelerometers. 

The other set of training data was obtained by the U. S. Air Force on 
North American F- 86 a airplanes (ref. 10 ), Lockheed F- 8 OA and F- 8 OB air- 
planes (ref. 11), and on F- 8 OA, F- 8 OB, and F- 8 OC ai 2 :planes (ref. 12) 
during operational training in this country. These data were recorded 
with USAF flight analyzers. 

The two sets of combat data are designated as "combat operations" 
and "eneny engagements.* The combat-operations data were recorded on 
F- 86 e, F- 86 f, F-84E, F-84G, and F-9^B airplanes in Korea with USAF 
flight analyzers . (See refs. 7 to 9*) Eneny-engagement data include 
all the normal- load- factor values for any flight where actual contact 
was made with the enemy. The enemy-engagement flights cover a total 
flight time of 231 hoiirs and are taken from 1577 hours of combat opera- 
tions with F- 86 e and F- 86 f airplanes. Combat-operations data include 
the load-factor values for all combat missions and contain eneny- 
engagement data. 


h 
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The scope of the four sets of data is siimmarized in the foULowing 
table: 


Airplane 

Training 

Combat' 

NACA flight 
program 

USAF 

Conibat 
operations 
( includes 
‘ eneny 

engagements ) 

Enemy 

engagement 

(from 

1577 hours of 
combat 
operations ) 

! 5 srpe 

Mcdel 

Hours 

Flights 

Hours 

Flights 



Hours 

Flights 

Hours 

Flights 

F-86 

A 

14.3 

24 

1150 






E and F 



lllll 


1265 

1080 

231 

179 

F- 84 - 

G 

19^6 

20 







E and G 

ifm 




489 

348 



F- 9 ^ 

B 

on 

18 



255 

186 



F 2 H 

2 

17.8 

18 







F -80 

A and B 


[ 

^3 

1274 

! 




A, B, and C 



1044 

1172 
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AIRPLANES 


The P-86a, P-86e, and F- 86 p airplanes have the same dinensions and 
the same physical characteristics, except for the horizontal tail. The 
F-86a eiirplane has a conventional horizontal tall (vlth adjustable sta- 
bilizer) whereas the F- 86 E and F-86f airplanes have the action of the 
elevator and stabilizer combined into one unit, known eis the controllable 
"flying tall," The F-86f airplane is also equipped with a 6 - inch — 3 -lnch 
extended leading edge. The dimensions and ptysical characteristics are 
the same for the F- 84 E and F- 84 G airplanes. Elnensions and physical 
characteristics of the F-86a, F- 81 (-G, and F- 9 ^B airplanes are given in 
reference 6 . 






















































HACA EM L514-E18 


5 


RESULTS AMD DISCUSSIOM 


The results presented in this paper are in the form of V-n envelopes 
and probability curves. The prebability curves are given in tvo forms: 
the probability of exceeding a given normal load factor and the average 
flight time required to exceed a given normal load factor. 

The frequency distributions of normal load factors and some of the 
statistical parameters representing the data are given in tables I to III 
for the F-86, F-84^ and F-9^ airplanes^ respectively. The load- factor 
data given in the tables represent peak values greater than 2 and less 
than 0. For the data of the MACA fli^t program^ load- factor peaks vere 
counted by using method B of reference 6. 

Y-n envelopes .- In order to compare the load factors reached during 
combat and training^ the maximum positive and negative normal load fac- 
tors and the corresponding indicated airspeeds for the combat and training 
data are shown in figures 1, 2, and 3 for the F-86^ F-&i-, and F-9^ air- 
planes^ respectively. Only those points necessary to define the envelope 
for each of the sets of data are plotted. The V-n diagrams are included 
in these figures for a comparison of the test resiilts with the service 
limits of the corresponding airplane. The V-n diagrams shown in the 
figures are for sea-level conditions and for about the average in-flight 
gross weight of each airplane* 

It may be seen in figures 1 to 3 that the service-limit positive 
normal load factor was exceeded by an appreciable amount with the 
F-86 airplanes '^d was reached with the F-84 and F-9^ airplanes. Below 
the seivice- limit load factor, it may be seen that the training and 
combat data are quite similar as to the magnitude of normal load factor 
reached at a given indicated airspeed, except for the F-9^B airplane. 

In this case, the lack of large positive normal load factors at the 
higher airspeeds during combat operations is probably due to the fact 
that, as stated in reference 7, the F-9^B had seen only limited action 
as an interceptor and therefore the data may not be representative of 
what is to be expected under normal combat operation. Negative normal 
load factors obtained during both training and combat were generally 
small; however, three load factors greater than -2 were measured on the 
F-86 e and F-86 f airplanes during conibat. 

Probability of exceeding a given positive normal load factor .- The 
probability of exceeding any positive normal load factor greater than 2 
for each of the four sets of F-86 data is given injflgure k. The experi- 
mental probabilities were calculated by dividing the summation of the 
number of load- factor peaks above any given load- factor level by the 
total number of load-factor peaks under consideration. The probability 
was also calculated by fitting a Pearson type IH ciirve through, the data. 
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(See ref. 13 .) 0 ?he proliablllty c\jrves fit" the experlmenteil points 
reasonably well, except for the very large load-factor values of the 
USAF training data. These large load- factor values are probably asso- 
ciated with an emergency or inadvertency type of load-factor frequency 
distribution which cannot be predicted on the basis of frequency dis- 
tributions obtained at load factors below the limit load factor. (See 
ref. 6.) The four plots show that the Pearson type III curve is adequate 
for predicting the probability of exceeding any load factor up to about 
the positive design limit of the F-86 aii^lanes. 

For comparsion of the four sets of data, the probability curves from 
figure are shown in figure 5* noted that the spread in the 

probability values is small throughout the load-factor range for the 
four sets of F-86 data with the spread between m i the curves, at a load 
factor of 6, being only of the order of about 2 to 1 . The probabilities 
for the NASA flight program and enemy-engagement data are the same and 
those of the USAF training and combat-operations data are about the same. 
The NASA flight program and eneny-engagement data appear to be somewhat 
more severe than the USAF tra inin g and combat-operations data. 

Since the service-limit normal load factor for the F-86 a is differ- 
ent from that of the F-86 e and F-86F airplanes, the ctirves for the four 
sets of data are shown in figure 6 as probability against the load-factor 
ratio n-v - 2 /nvg ~ 2 . The c\irves are plotted in this way since it is 

indicated in reference 6 that the manner in which a pilot controls an 
airplane is influenced by the magnlttide of the service- limit load factor. 
In figure 6 the value for the service-limit normal load factor for the 
F-86 a is taken as 6 and that for the F-86 e and P-86P airplanes is taken 
as 7 (see fig. 1) even though the service-limit normal load factor is 6 
for all of the F-86 airplanes at altitudes above 15 , 0 CX) feet. The F-86E 
and F-86 f service- limit normal- load-factor value of 7 is used because in 
the combat data of reference 8 the majority of normal load factors that 
were measured above 6 for the F-86 e and F-86 f airplanes were recorded at 
altitudes below 15,000 feet. It may be seen in figure 6 that, although 
the spread between all the probability curves is greater than when plotted 
against load factor, the probability of exceeding a given percentage of 
the limit load factor for the two sets of training data is somewhat higher 
than that for the two sets of combat data. Although not shown, the proba- 
bility curves for the F -84 and F- 9 ^ airplanes have similar con5)arisons 
between the HACA flight-program data and the conbat-operatio3as data. 

In reference 6 the data from about 5500 hours of training with 
jet fighter airplanes were used to obtain a tentative standard proba- 
bility curve for training operations in terms, of the load factor 
ratio ny - 2 /nyg - 2 . The data and the standard training curve from 
reference 6 are shown in figure 7. The experimental probabilities for 
the combat data of the F-86, F-O^, and F- 9 ^ airplanes are conpared with 
this standard training curve in figure 8. It may be seen that the 
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probability* values for the conibat operations data of the F-86 and the 
F-84 airplanes are about the same -whereas the valxies for the F-9^ air- 
plane are considerably smaller. (As noted previously, the combat data 
for the F-9^B may not be representative of normal combat operation. ) The 
probability values for the eneity- engagement data appear to be sli^tly 
higher than the combat-operations data. The standaord training c\irve 
from reference 6 falls above the combat data so that, for an equal num^ 
ber of* maneuvers, nonnal load factors obtaned in training operations 
are somewhat greater than those obtained during combat when based on 
the load-factor ratio n^ - 2/nv-g - 2 . 

Average flight time required to exceed a given positive normal load 
factor .- A probability curve such as shown in figure 8 is one method of 
characterizing the manner in which an airplane is utilized. Since it 
Indicates the proportion of all load-factor peaks which exceed a given 
level, it may be thought of as a measure of the severity of the opera- 
tions . Another meas-ure of the manner in which the airplane is utilized 
is the ratio N/T, the average number of load- factor peaks per hour, 
which is a measiire of the activity of the operations. Tlme-to-exceed 
curves are a joint measure of both severity and activity, because the 
probability curve determines the shape and the average number of peaks 
per hour determines the level. The value of the ratio E/T is influenced 
greatly by the type and length of mission flown. For example, in refer- 
ence 12, the number of load-factor peaks per hoxir greater than 2 varied 
from 17 in -transition and proficiency training to 69 in low- angle-bombing 
training. This result -would mean that, if the probabili-ty c-urves are 
similar, the average time to exceed a given load factor in transition 
and proficiency .training would be four times that obtained in low-angle- 
bombing training. On the other hand, if the missions of two similar 
airplanes are the same but the distances to the target are different, 
the time- to- exceed values would be directly proportional to the distance 
to the target plus the time spent in maneuvering at the target. 

It may be no -bed that, although probabilities of exceeding a given 
load-factor ratio may be higher in training than in combat for an equal 
number of maneuvers, many more maneuvers per hoxor of flight time might 
be obtained in coinbat. Thus, on a time-to-exceed basis, the flight time 
required to exceed a given load factor might be less for coinbat than for 
training. In figure 9 ^ tlme-to-exceed values for the four sets of 
F-86 data are plotted against normal load factor. The flight time 
required to exceed a given normal load factor was calculated by 
dl-viding the total number of hours represented by the data by the 
product of the probability determined from the Pearson "type III ciirve 
and the total number of measured load- factor peaks. It can be seen 
that the time-to-exceed values for the 1265 hours of conbat operations 
are somewhat less than those for the II 50 hours of USAF training opera- 
tions. The average flight time required to exceed a given load factor 
in the USAF training operations is about -twice that required during 
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combat operations.^ This trend is different from that obtained for 
World War II airplanes where, on the basis of normal load factor, it 
was determined that training operations resulted in larger normal, load 
factors than combat operations for the same flight time. (See ref. l^t-.) 
One contributing reason for this result may be that the speeds of present- 
day fighters are much greater and therefore the time spent in traveling 
to and from the target is much less than that for World Wan II fighters. 
The average time required to exceed a given load factor for the UACA 
flight program is slightly less than that obtained in eneny engagements, 
about one- quarter of that obtained in normal operational training, and 
about one-half of that obtained in overall combat operations. 

The time-to-exceed curves for the F-84 and F-9^ as well as the 
F-86 airplanes during combat and training are compared on the basis of 
the service- limit normal load factor in figure- 10. It can be seen that 
the time-to-exceed values for the airplanes of the NACA fll^t program 
sire less than those of combat or the USAF training, a reflection of the 
high values of the frequency ratio N/T (32 to 75) for the NACA flight 
program sis conqiared with those for the combat and USAF training opera- 
tions (12 to 2k). 

Probability curves for negative normal load factor .- Because of the 
relatively small number of negative normal load fsictors obtained, as 
detailed a conqparison as that for positive load factors is not possible. 

A Pearson type III curve was csilculated for the set of data for the 
P-86 e and F-86 p airplanes during combat operations sind is shown in fig- 
ure 11 alhng with the expert mental, points for probability of exceeding 
a given negative lead factor. Also shown in the figure are the experi- 
mental points for the eneny-engagement data and the F-84 data of the 
NACA flight program. Although the data “or the two latter cases are 
very limited, it is seen that the probability of exceeding a given nega- 
tive normal load factor for these two cases is approximately the same 
as that of combat operations. 

In figure 12 it may be seen that the average flight time required 
to exceed a given negative normal load factor for the F-86 combat- 
operations data or enemy- engagement data is from 4 to 5 times greater 
than that for the F-84 airplane of the NACA fli^t program. This dif- 
ference in time is indicative of the greater activity for the F-84 air- 
plane for which the number of negative load-factor peaks per hour Is 
1.48 as compared to about 0.30 for the F-86 airplanes during combat 
operations and enemy engagements. The experimental points shown in 
figure 12 were obtained, by dividing the total number of hours repre- 
sented by the data by the siunmation of the number of load-factor peaks 
above any given load-factor level. 

^Although not shown in figure 9, the time-to-exceed curve for the 
F-84 combat-operations data is practically coincident with that for the 
F-86 combat-operations, .data. 
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CONCLCJDING REMARKS 


Probability cxirves have been compared for normal- load-factor data 
obtained during confloat and training operations with Jet-fighter-type 
airplanes. From the results presented in this paper it has been shown 
that, for an equal number of maneuvers, noraml load factors obtained 
from training operations are slightly greater than those obtained during 
coHibat when based on the service- limit load factor. Therefore, the 
tentative standard probability curve for jet-fighter- airplane training 
presented in reference 6 a,ppears to be applicable to conibat conditions. 
Although only normal- load- factor data have been compared, it is probable 
that similar comparisons may be expected for the other quantities 
defining the control motions and airplane response given in NACA 
RM L53L28. 

When the data are compared on a time-to-exceed baLSis, it is shown 
that the average flight time required to exceed a given load factor for 
normal operational training or combat is from 14- to 10 times that reqiilred 
for the limited NACA flight program. It is indicated that time-to- 
exceed values may be considerably influenced by the ts^e and length of 
mission. The differences between the average fn gbt time required to 
exceed a given load factor in normal operational training and in confibat 
operations are small. This result is not. the same as that obtained for 
airplanes during World War II where it was determined that, for the same 
* fli^t time, training operations resulted in larger normal load factors 

than combat operations. 
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ZABis z— FBEqmcz sisroiBUTiair of hcbmal load factor for f-86 aikplahes 


(a) Positive normal load factor 
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TABLE II.- FREQOEHCr DISTRIBUTIOIT OF NORMAL 
LOAD FACTOR FOR F-Slf AIRPLAHES 


Load factor 

Combat 

operations 

Load factor 

KACA 

flight 

program 

Load factor 

NACA 

fU^t 

program 

2.0 to 2.39 

1,575 

2.0 to 2.49 

306 

0 to -0.099 

16 

2 ..h to 2 . T 9 

1,440 

2.5 to 2.99 

204 

- 0.1 to -0.199 

4 

2.8 to 3.19 

l, 04 l 

3.0 to 3-49 

179 

- 0.2 to -0.299 

2 

3.2 to 3.59 

644 

3.5 to 3.99 

150 

-0.3 to -0.399 

1 

3.6 to 3.99 

471 

4.0 to 4.49 

110 

- 0.4 to -0.499 

1 

it-.O to 14-.39 

386 

4.5 to 4.99 

74 

-0.5 to -0.599 

1 

it .4 to It . 79 

242 

5.0 to 5.49 

28 

- 0.6 to -0.699 

0 

It . 8 to 5.19 

123 

5.5 to 5-99 

15 

-0.7 to -0.799 

1 

5.2 to 5.59 

71 

6.0 to 6.lt9 

12 

- 0.8 to - 0 .^ 

1 

5.6 to 5.99 

40 

6.5 to 6.99 

3 

-0.9 to -0.999 

1 

6.0 to 6.39 

19 

7.0 to 7.49 

3 

- 1.0 to -1.099 

0 

6 .lt to 6.79 

5 



- 1.1 to -1.199 

1 

6.8 to 7.19 

5 





7.2 to 7.59 

3 





N . . . . . 

6,065 

If • • ■ • • 

l ,084 

If • • » • • • 

29 

T 

489 

• • • • • 

19.6 

T 

19.6 

• • • « 

3.045 

Hyr m m m m 

3.287 

Ily. • . • • • 

— 

cr • ■ • • • 

0.853 

C • • ■ « • • 

0.993 

CT • • • • « • 

— 

OCu^ • • • • 

1.252 

OC^ • • • • 

0.973 

CC^ • • • • • 

— 

OCJ^ ^ • 

4.478 

° 1 (. .... 

3.683 

04^ 

— 

n/t .... 

12.4 

n/t .... 

55.3 

n/t 

I.k 8 


l.kS 
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TABLE III.- IKEQPEHCY DISTRIBUTIOR OP NORMAL 
LOAD FACTOR F.OR F - 9 ^ AIRPLANES 


Load factor 

Combat 

operatioiis 

Load factor 

NACA flight 
program 

2.0 to 2.59 

816 

2.0 to 2.49 

158 

2.4 to 2.79 

806 

2.5 to 2.99 

116 

2.8 to 5.19 

553 

5.0 to 5.49 

100 

5.2 to 5.59 

570 

5.5 to 5.99 

77 

5.6 to 5.99 

261 

4.0 to 4.49 

51 

4.0 to 4.59 

142 

4.5 to 4.99 

35 

4.4 to h.is 

75 

5.0 to 5.49 

17 

4.8 to 5.19 

25 

5.5 to 5.99 

12 

5.2 to 5.59 

12 

6.0 to 6.49 

5 

5.6 to 5.99 

5 

6.5 to 6.99 

4 

6.0 to 6.59 

0 

7.0 to 7.49 

5 

6.4 to 6.79 

0 



6.8 to 7.19 

1 



7.2 to 7.59 

1 



N 

5,061 

R 

578 

T ‘ 

255 

T . . . . . 

7.9 

Hy . . . . 

2.913 

ny . . . . 

5.304 

a 

0.695 

a 

1.055 

Oj .... 

1.065 

05 ... . 

1.156 

04 • • • • 

4.411 

04 ... . 

4.157 

n/t . . . . 

12.0 

n/t .... 

73.2 
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Normal load factor, 


Figure 5-- Con^iarlson of probabilities of exceeding a given normal load 
factor for F-86 airplanes during confiDat and training. 




Figure 6.- Conqjarlson of probabilities of exceeding a given fraction of 
the service- limit positive normal load factor for F-86 airplanes during 
combat and training. 
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Figure 7-“ Probability of exceeding a given fraction of the service- limit 
positive normal load factor for training operations. 
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Figiire 8.- Con^jarison of probability values obtained during combat with 
the standard probability curve for training operations. 
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Figure 9*- Con 5 >arison of average flight times required to exceed a given 
nonnal load factor for F-86 airplanes during conflbat and training. 
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Figure 10.- Comparison of average flight times required to exceed a given 
fraction of the service- limit positive normal load factor dtiring combat 
and training. 
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Figure 11.- Comparison of protabllities of exceeding a given negative 
normal load factor during comibat and training. 
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Normal load factor, lly 

Figure 12.- Con 5 )arison of average flight times required to exceed a given 
negative normal load factor during combat and training. 






